Preoperative skin preparations may reduce the risk of hospital-acquired infections. This cross sectional questionnaire study aimed to identify the practice and knowledge of preoperative skin preparation in Swedish orthopaedic surgery departments. One hundred and six respondents (response rate 68%) from 13 Swedish orthopaedic departments reported a diversity of current recommendations and evidence, and good knowledge of skin preparations. This study found variations in practice and deviations from recommendations, despite high levels of knowledge.
no previous research has been published to support this practice. There are two manufacturers of chlorhexidine gluconate in Sweden, both recommending a careful rinse with water after applying the soap solution to the body and hair (Mölnlycke Healthcare 2013, Fresenius-Kabi 2014) see Fact Box 1. When chlorhexidine gluconate is used in the OR, difficulties in acting on these recommendations, such as careful rinsing, might be challenging or the procedure may even be neglected.
Considering these three procedures, the recommendations and the lack of knowledge of current practice in Sweden, this study set a goal to identify preoperative procedures for skin preparation and to investigate the knowledge of skin preparations among personnel at Swedish orthopaedic surgery departments.
Introduction
Hospital-acquired infection (HAI) is associated with significantly increased patient suffering, morbidity and mortality (Ponces de Leon 1991 , Mangram et al 1999 , Whitehouse et al 2002 , De Lissovoy et al 2009 , prolonged hospital stays and higher healthcare costs (Pittet et al 1994 , Kirkland et al 1999 , Klevens et al 2007 , Humphreys 2009 , Jenks et al 2014 . Hospital-acquired infection after orthopaedic surgery may have severe consequences, such as prolonged hospital stays and additional surgery (Whitehouse et al 2002 , Darouiche 2004 . Infections after orthopaedic surgery also cause substantially greater physical limitations and decreased health related quality of life (Whitehouse et al 2002) .
In surgical care, wounds are one risk factor in the development of HAIs, and microbes on the skin at the time of surgery elevate that risk (Krizek & Robson 1975 , Veiga et al 2009 , Kamel et al 2012 . Previous studies have discussed the role of preoperative skin antisepsis in reducing the risk of HAI, but there is still debate about evidence that supports this hypothesis (Mangram et al 1999 , Hibbard et al 2002 , Grabsch et al 2004 , Webster & Osborne 2007 . However, the current consensus is that the goal of applying preoperative skin antisepsis is to reduce the microbial burden on the surface of the skin to sub-pathogenic levels before surgical incision (Mangram et al 1999 , Digison 2007 , Webster & Osborne 2008 . Despite a lack of evidence to support this practice, skin cleansing with an antiseptic solution has become a preoperative routine in operating rooms (OR) globally (Kaiser et al 1988 , Koburger et al 2010 , Derde et al 2012 .
Preoperative antiseptic showering is also widely practised and accepted as an additional preventive intervention for HAI in surgical care (Edminston et al 2008 , Webster & Osborne 2012 . Preoperative antiseptic showering is thought to reduce microbes on the skin before the patient enters the OR, but is not perceived to be a replacement for the perioperative skin preparation performed directly prior to the surgical incision (Edministon et al 2010). In Sweden, three to five preoperative showers with chlorhexidine gluconate are recommended for patients undergoing elective surgery (Socialstyrelsen 2006) .
A third antiseptic procedure prior to surgical incision in Swedish surgical departments has also come to our knowledge, that is, skin cleansing with chlorhexidine gluconate in the OR prior to skin disinfection with an antiseptic solution. As far as we know,
Results
Respondents' demographics showed that 90% (n=95) were women and that the mean age was 57.6 years (SD =8.6). Education levels and specialities among nurse participants varied: 59% (n= 63) were OR nurses, 3% (n=3) were general registered nurses and 2% (n=2) were anaesthetics nurses. Additional healthcare professions among the participants were 29% nurse assistants (n= 31) and 5% (n=7) surgery assistants. The mean time in the current profession at the time was 20 years (SD=12.5).
Skin preparation practice
Preoperative shower before arrival at the OR was standard practice at all participating surgical departments, with a frequency of two or more showers. Two respondents reported using general soap without disinfection properties; all others reported using products containing chlorhexidine.
Respondents from all of the 13 departments claimed that they used chlorhexidine gluconate for perioperative skin disinfection in the OR. Additional chlorhexidine gluconate cleansing was used in the perioperative skin preparation in all of the surgical departments that responded, and 95% (n=101/104) of the respondents described practicing this procedure, see Table 1 .
Respondents from barely half of the participating departments (46 %, n=6/13) described different methods, although they worked in the same unit. One respondent reported a procedure with chlorhexidine gluconate that complied with the manufacturer's recommendations. Three quarters (76 %, n=59/106) of the participants claimed to be familiar with manufacturers' recommendations. An essential part of the recommendations of the manufacturer was to rinse with water after chlorhexidine gluconate was applied, which 21% (n=21/102) of the respondents stated in their description. Thirty-nine percent (n=41/104) of the respondents claimed that they used chlorhexidine gluconate in the OR before both elective and acute surgical operations.
Head nurses from 23 departments were contacted by email and asked for approval of questionnaire distribution to employees. Fifteen departments approved participation. They were then asked for the number of employees that could be related to the aim of the study and be assigned a questionnaire. The number of questionnaires specified was sent by regular mail to the head nurse, who distributed them. In total, 156 questionnaires were administered. Questionnaires were returned in an envelope sent with the questionnaires. Reminders of participation were sent to the head nurse two and four weeks after the initial administration. A total of 106 questionnaires from 13 departments were returned and analysed, representing a response rate of 68%.
Questionnaire
A paper questionnaire was compiled that was inspired by a previous master's thesis (Johansson & Björk 2011) . Both open and closed response alternatives were used. The first part of the questionnaire included demographic data, such as age, sex, education and work experience. The second part consisted of eight questions that examined regular hygiene routines (not reported in this article). The third part consisted of five statements and questions about skin preparation. The fourth part consisted of 14 questions about skin preparation methods and techniques at the particular department.
Analysis
Data were compiled in IBM SPSS version 20 and presented in absolute and relative frequencies, mean and standard deviation (SD). Data are presented in the tables below.
Ethics
This study was conducted as a part of a master's thesis project in nursing science. The ethics were reviewed, monitored and approved by the University of Linköping in accordance with Swedish law on ethics in research (Prop.2007/08:44; Law 2003:460) . All participation in this study in terms of completing and returning the questionnaire was voluntary, and all data were collected anonymously. The results are presented on the group level. 
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Knowledge of skin preparation routines
Responses to the five skin preparation specific statements are reported in Table  2 . A majority of the participants (62%, n= 63) correctly responded that the skin never becomes sterilised by skin disinfection, 54% (n=57) reported that chlorhexidine has a cumulative effect, 34% (n=35) that chlorhexidine disinfection decreases the number of bacteria up to five times, 40% (n=42) that chlorhexidine gluconate should be rinsed off only with water, and 56% (n=57) that the time allowed for the drying of chlorhexidene is essential regardless of the length of time during which the application is given. Five respondents gave correct answers to all of the statements.
The remaining respondents gave one or more incorrect answers.
Discussion
The struggle to eliminate hospital-acquired infections is a constantly ongoing process among OR staff, especially for those working with high-risk surgery such as orthopaedics.
This study aimed to identify the usage of skin preparation procedures prior to surgery and to investigate the knowledge of skin preparations among personnel at Swedish orthopaedic surgery departments. Differences between the respondents in all of these areas were found.
All of the participating departments followed the prescriptions of the National Board of Health and Welfare, which recommends three to five showers before surgery (Socialstyrelsen 2006) . Two or more preoperative showers with clorhexidine gluconate were standard practice in all the departments investigated. However, two participants reported using general, nondisinfecting soap. The primary study showed that washing with soap and water and towel drying has a significant disruptive effect on the skin's barrier function (Voegeli 2008), which in this setting seems contradictory to the purpose.
The results show that perioperative cleaning with chlorhexidine gluconate indeed exists; respondents from all 13 departments confirmed that. The practice may be followed due to a misunderstanding of the current recommendation of three to five double showers with chlorhexidine gluconate before surgery. This incorrect conception could derive from the belief that three showers are accomplished if patients are given a shower the night before, the same morning and in the OR.
In existing reviews of how to perform safe skin preparation, no recommendations or guidelines for such perioperative practices with chlorhexidine gluconate have been found (AORN 1996 , Mangram et al 1999 , WHO 2002 , Webster & Osborne 2006 . This lack of investigation into and discussion of the practice of perioperative chlorhexidine gluconate cleansing calls for further research to investigate the distribution and benefits of such practices. Evidence-based learning must impregnate all care to provide patient safety (ICN 2012). The economic perspective must also be discussed, as costs for products and staff must be taken into consideration.
Varying interpretations of procedures in the usage of chlorhexidine gluconate were found, despite the fact that 76% of the respondents claimed to be familiar with manufacturers' recommendations. As shown in Table 2 , 53% assumed that it does not matter whether the soap solution is wiped off with paper/towel or rinsed off with water. Half of the respondent group (51/102) did not rinse with water after cleaning with the sponge, while 17 respondents allowed the solution to dry on the skin. In addition, 38 respondents applied the solution and then waited one to six minutes before wiping or rinsing with water, or just let it dry on the skin. There were 28 respondents who described cleaning with the sponge for three to six minutes before wiping it off or rinsing with water. Another six respondents claimed to follow the whole procedure twice before disinfecting the skin.
As described in Fact Box 1, there is no mention of the duration of time needed for cleansing in the instructions for chlorhexidine gluconate use (Fresenius-Kabi 2013, Mölnlycke Healthcare 2013). However, the six respondents who reported two perioperative chlorhexidine gluconate cleanings in the OR may have assumed that they accomplished the five recommended showers with chlorhexidine gluconate.
A lack of knowledge concerning skin preparation procedures was also identified. Current evidence supports a cumulative effect of chlorhexidine, meaning that the number of bacteria is reduced at each application of chlorhexidine and continues to decrease during up to five disinfective procedure rounds (Lowbury et al 1960 , Lilly et al 1979 , Brandberg 1989 The struggle to eliminate hospital-acquired infections is a constantly ongoing process among OR staff, especially for those working with high-risk surgery such as orthopaedics
Conclusion
This study indicates the existence of skin preparation practices not based on evidence, as well as a lack of knowledge, a misinterpretation of current guidelines, and clinical practice that lacks consensus at medical departments performing orthopaedic surgery in Sweden.
Further research is required in both the clinical benefits of skin preparation procedures and international investigations of current skin preparation procedures for comparison with this Swedish sample.
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